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SUMMARY

This interim technical report presents the -'Its of the study phase of the

Fault Tolerant Electrical Power System program.

In this phase, the electric loads and their power requirements were defined

for the ATF baseline aircraft model. The total connected load for the

aircraft is 176 kva. This represents 126 loads. 41 kva is flight critical

and 123 kva is mission critical. For flight critical loads, maximum power

interruption times, which the load can withstand, were established. For many

of the digital processors, these times were on the order of 50 microseconds.

Some flight control actuators, can withstand power interruptions on the order

of 1 second. The electrical loads have been located in the baseline aircraft

model. The load list includes loads considered "high technology". These are

the electric driven vapor cycle machine in the ECS and the electro-hydraulic

'" flight cootrol actuator called integrated actuator packages (IAP).
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PREFACE

This Interim Technical Report presents the results of work performed by the

Boeing Military Airplane Company, Seattle, Washington under Air Force Control

*, F33615-85-C-2504. The work is sponsored by the Aero Propulsions Laboratory,

Air Force Wright Aeronautical Laboratories, Wright-Patterson Air Force Base,

Ohio. Mr. Joseph A. Weimer, AFWAL/POOC-l is the project engineer.

This document, which covers Phase I, Study, fulfills the requirements of CDRL

item number 17.

The program manager is I. S. Mehdi. This report was prepared by Mark W. Dige,

Patrick J. Leong, and David L. Sommer.
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I I NTRODII(:l ION

rhe two objectives of this program are to produce a low-cost FIEPS des igri for

an ATF aircraft and to design and fabricate a low-cost FTEPS demonstrator with

,n integrated load simulator for an ATF. The purpose of the program is to

develop an electrical power generation and distribution system that can supply

electrical power to the various critical systems on the aircraft with a

reliability and power quality level commensurate with the requirements of the

loads. Faults in the electrical system can and do occur due to various

reasons. Adequate protection and controls to prevent propagation of these

faults within the system need to be incorporated such that other normally

operating electrical power channels are not effected.

*" FuLure aircraft are incorporating advancements in digital computer technology

*. for more and more of the stability and control of the aircraft as well as

mission functions. Some of the functions on the aircraft can be cateqjurized

.s mission critical and loss of these functions could therefore keep the

iircraft from completing its mission. More importantly, there are functions

on thc, aircraft which are flight critical and loss of these functions would

riot only cause termination of the mission but also loss of the aircraft

itsplf, especially when the aircraft is a fly-by-wire (FBW) aircraft.

-I

'.o F rEP pr.1gram is a five-phase program as shown below:

* 015 . - Lnad Study

,,I- ; rialy,,is and Preliminary Design

I - FI-EPS Demonstrator Basic Requirements

fAs 2 V [[PS Analysis, Trade-off Study, and Specific

R ,,q cj i r emen t s

I i-.k - F[EP Demonstrator Conceptual Desiqn

Tm/,k F F[[PS Demonstrator Preliminary Desiqr

h , Il - Itaild Desiqn

- A



Phaso [V - Falrication

Phde V - Testing and Reporting

The total length of the program is 42 months. This report documents the work

done in Phase I - Load Study. The primary emphasis in Phase I was to define

•nd characterize the electrical loads for an ATF class aircraft.

k I dditionally, a conceptual layout of the ATF aircraft and the location of the

electrical loads and equipment was prepared.

2.
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2.8 AIRCRAFT SYSIEM l)ESCRIPIOh

Tne airplane configuration that has heen selected for toie baseline aircraft is

tre Model 908-833 (ref. 1). This 1989 Technoloqy Availabil ity Date (Tlb)

airplane is ideally suited for use in this program iirc e it is de- igned to

fulfill the mission requirements of the AIF class iircraft. Figur, t -I how,

a summary of the characteristics of the 908-833, including a 3-view. of the

airplane with principal dimensions.

This twin engine design is a high performance aircraft with a trirust-to-weight

ratio of 1.25 to 1. It can operate throughout the flight envelope requireli

for the ATF class aircraft. The wide speed and altitude range nf this

airplane are shown in Figure 2-?. The 908-833 incorporates canards, wing

trailing edqe surfaces, and 2-D vectorable and reve;rsible nozzles for tlhrust

and pitch control. Four flaperons, two leading edge flaps, two trailing e,de

flaps, twin rudders, and independently controlled arid acLuateu can.irds areI

part of the basic design. [he actuation systems for the flight surfaces

include electro-hydraulic pumps which constitute part of the higr techrioi,gy

leads (HTL) for the FTEPS.

2.1 Avionics System

., ,vionics for the haseline aircraft is the PAVE PILLAR system (ref. 2).

:iis s'ystem includes not just the mission avionics, hut all the aircraft

loctrenics - including flight control and propulsion. A diagram of the PAVE

i ,,/-tern architecture is shown in Fiqire 2-3. This system is failt

tant with system-level capabilities to detect faults, isolate failed

,Tw 11es, arid recravor frrm an intermit cent modu 1 e failure. A systom goal is to

)1)() hr- . with 90% prohability that no scheduled or inscheduled

," -i,., r';e wi 1 h1 be roquired. The entire avionics system is sized to provide

) tr" rserve capacity in processing throughout, memory, and bus traffic.

;J.iR iinprivemernt s in system performance are- oht-iinod threun i,

0, tiir, inicerporatirr of several features in tie avorics syst m: ldV ,;ecud

V. /%,t-r' ,, sr-osor ,h-inir, information fusi on, unleard ciqi tal mira , <, Livo

itfri rr, ind arm idvinceud crew 5tation. Advdncvd itgae es t-r

3



Model 908-833
1989 TAD

Single Crew

* Takeoff gross weight (TOGW) (Ib) 40,000
0 Flight design weight (FDWT) (lb) 36.000
0 Propulsion type: 2 PWA STJ 562 A/B

" T/W at TOGW 1.25
* SLST A/B per eng (Ib) 25,000
" Nozzle 2-D/reverser
" Inlet 2-D/fixed ramp

0 Wing:
" Area (trap) 571
" W/S at TOGW (lb/ft2 ) 70
eAR 4.5
" Leading edge sweep (deg) 37.5
* Taper 0.25
" T/C 0.05/0.035

o Landing gear at TOGW CBR 9, 50 passes

4

50 ft 8Bin
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processors is organized as a resource pool, where every processor can perform

any of the necessary data processing functions. The resource pool includes

spare processors that can assume the duties of any failed data processor,

thereby allowing the system to "fly-with-failures" with no loss in functional

capability. Reconfiguration of the system following a processor failure (or

later recovery) is done automatically, avoiding any interruption of the normal

crew workload unless functional capability is lost. Advanced packaging

techniques make the module accessible at the flightline, permit replacement of

a failed component in the flightline environment, distribute power in a fault
tolerant fashion, provide EMI/EMP protection, and keep the VHSIC/VLSI

components at temperatures needed to ensure long life. This packaging concept

is shown in Figure 2-4. The LRM's are contained in a series of integrated

avionics racks which are liquid cooled and contain centralized power

supplies. The signal processing for the mission sensors is pooled, much as

for the data processors, in an integrated subsystem that can share

programmable signal processing hardware among several sensor front ends.

Control of the entire avionics systems is decentralized and shared among the

data processors so that loss of a single processor has negligible effect on

system operation. The ITM function summarizes the results of advanced testing

techniques to provide maintenance data that speed the ground maintenance

actions necessary to return a non-mission-capable aircraft to Full mission

capability.

2.2 Flight Control

The flight control system is digital fly-by-wire with a mix of hydraulic and

electrical actuators. The digital processors are four channels, with the

processors residing in the VMS avionics racks. The VMS, which is part of the

PAVE PILLAR avionics system, is flight critical.

Fhe flight control actuation system is shown in Figure 2-5. Hydraulic

actuators are used for the leading edge flaps and the flaperons. The

-lectrical actuators are, integrated actuator packages (IAP) which are electric

motor driven hydraulic pumps in a self-contained actuator package. A duplex

lAP is used for each canard. A simplex IAP is used for each rudder and

inboard trailing edge flap.

7



such ,, ICNIA and INEWS, provide increased functional capability for the

I; yste. Shared sensors allow a single sensor to provide data to several

system functions, such as terrain following/terrain avoidance (TF/TA), target

acquisition, or threat warning. Information fusion combines data from

" multiple sensors to achieve better results than can be obtained from any

single sensor; sensor blending of terrain inputs permits more effective scene

generation for safe penetration at low altitude, while fusion of target inputs

from multiple sensors results in better target detection and classification

rates with fewer false alarms. An onboard digital map allows route planning

for areas outside sensor coverage, minimizes threat exposure by taking

advantage of terrain shadowing, and improves stealthiness by allowing reduced

use of active sensors for terrain imaging. Automation of certain

time-critical functions, such as TF/TA and target acquisition ensures that the

performance objectives can be met within the very short periods between the

"-., first acquisition of data and the point where a decision must be made. An

advanced crew station featuring a highly automated cockpit, voice control, and

--~.; pictorial display formats reduces the crew workload to a level that can be

managed by one pilot.

PAVE PILLAR improvements in avionics availability are being achieved through

the implementation of an architecture that (1) changes the primary maintenance

element from a line replaceable unit (i.e., the black box) to a line

replaceable module (LRM), (2) standardizes the LRM units, (3) uses a

self-checking processing pair as a data processing LRM, (4) groups the data

processors as a resource pool with spare units, (5) automatically reconfigures

.1 . the system after a fault is recognized, (6) applies acivanced packaging

techniques to the LRM, (7) integrates and pools the signal processing

components in sensor subsystems, (8) decentralizes system control, and (9)

employs an integrated test and maintenance (ITM) function. The reduction in

size of the line replaceable unit to a module or card level reduces module

cost and allows use of a two-level maintenance concept in PAVE PILLAR. The

duta processor LRM is standardized so that an entire data processor is

contained in a sinqle module, thereby eliminating the need for a conventional

processor backplane and dramdtically reducing the number of connectors in the

system. The data processor is designed as a self-checking pair to provide

nearly perfect fault isolation if the processor fails. The entire seL of datd

. .o •8
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[he controls for the actuators are called Digital Integrated Servoactuator

Controllers (DISAC) (ref. 3). The DISAC provides the data bus interface as

well as the local control and redundancy management of the actuators. Each

DISAC has the capability of controlling one or both halves of a dual redundant

actuator.

"9.3 Engine Control

An electronic engine control system is incorporated in the baseline aircraft

as part of the VMS. A digital data bus is the control link to the engine.

For each engine, there are three groups of loads, control module, effectors,

and ignition. Power for the control modules and effectors are provided by the

aircraft. Power for the ignition is provided by dedicated engine generators.

.4 Fuel

The fuel system loads consist of two boost pumps and 5 transfer pumps. The

-- boost pumps are always on. Only two of the 5 transfer pumps are on at a

time. The boost and transfer pumps are not flight critical since the fuel can

be gravity fed.

9 .5 Environmental Control System

The environmental control system (ECS) uses a vapor cycle cooling system with

two electric motor driven vapor cycle compressors. Two cooling loops are

used, a liquid loop and an air loop. In addition to the vapor cycle

compressors, other major ECS electrical loads are four coolant pumps (2 dual

redundant sets) for the liquid loop and one loop compressor for the air loop.

.'.6 Stores Management

Tho stores mandgement system includes provisions for 8 MIL-STD-1760A store
'-a stations. The interface for each station will include only the primary

interface and will not include the 270 VDC power lines. Each station will

rfjirr a total of 4010 watts. Figure ?-6 shows the primary interface for a

"1L-%TD)-I60A stores station.V. ii

o -11



PROPOSED MIL-STD-1760A

AIRCRAFT STORE
SIGNAL LINES

HIGH BANDWIDTH 1

HIGH BANDWIDTH 2

HIGH BANDWIDTH 3

HIGH BANDWIDTH 4
MUX BUS A
Mux Bus a

AUDIO
FIBER OPTICS BUS A
FIBER OPTICS BUS B

DISCRETE LINES

> "RELEASE CONSENT

, -INTERLOCK

INTERLOCK RETURN

> '' ADDRESS BIT A4 >

> ADDRESS BIT A3
>ADDRESS BIT A2

ADDRESS BIT Al
>ADDRESS BIT A0

ADDRESS PARITY

ADDRESS RETURN

STRUCTURE GROUND

POWER LINES

> 28 VDC POWER 1

POWER 1 RETURN

> 28 VOC POWER 2
POWER 2 RETURN

115 VAC. 4A

115 VAC. B1

> 115 VAC, 8C

_ __._ _ 115 VAC RETURN
, > 270 VOC POWER

270 VOC RETURN

PRIMARY INTERFACE SIGNAL SET

Ftqtlre 2-6. Prinry Interface Signal Set

1V2

.....................................................-... ..... !..-- ---. v.::*. - .... .-



2•1 Secondary Power

Tqe secondar power system, shown in Figure 2-7, is based on the use of the

airframe mounted accessory drives (AMAD) and an integrated power unit (IPLU).

r1 hrough the series of clutches and shafts, each AMAD can be driven from either

engine or the IPU. This arrangement also allows for engine start from the IPU

or- from the other engine if it is operating. Shaft driven accessories such as

generators and hydraulic pumps are driven off of the AMADs. The IPU is an

inflight operable auxiliary power unit which also functions as an emergency

power source. In the emerqency mode, the IPU can be started and be up to

, peratinq speed in 2 seconds. The configuration shown in Figure 2-/ shows a

three generator system. This is one of the generator configurations to be

trade studied in Phase II. The study will also include the four generator

configurations shown in Figure 2-8.

- .P) Hiqh Technology Loads

High technology loads have been incorporated into the FTEPS load list. These

include the electrically driven flight control actuators (see 2.2) and the

electrically driven ECS (see 2.5). The actuators are called integrated

actuator packages (IAP) which are electric motor driven hydraulic pumps in a

self-contained actuator package. The load demand for the IAPs is shown in

Tahl 2-I. These estimates are for the two duplex IAPs for the canard

,ijrfac,s and the four simplex TAPs, one for each rudder and inboard

trallinq-fdqe flap. The power demands, expressed in horsepower from th,

.lectric motor shaft to the hydraulic pump, are based on the aerodynamic

sirface loads and rates.

rh,, Er; consists of a vapor cycle cooling system which requires two 16
- .hor-",power olectrically driven compressors. In addition, the ECS requires 9.4

- . . - .,

frrI)(J~'*Ir for the vapor compressor and 2./ horsepower for each of four
()()l in t pumps. These are all provided by electric motors.

13
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A load complement has heen compiled for, the aircraft described in Section

Sr). Tim total connwrtod load is 176, ,66 va. A list ing of th e I ads,  ir

ncoti ned in TahIe 3- . any of the avionics loads are part of systems still

in the development staqe and no data was available on then. In these cases

. estimates were made on the power requirements and reliability based on

similarity to existing equipment or "projections" by experienced design

,nqineers. The loads were either 28VDC or I15VAC, 400 Hz.

3 . I Flight Critical Loads

F I iqiit critical loads are those loads necessary for Level III flight. it VMS

fliqht control diqital processors, which are in the VMS integrated avionics

. ks, are quad redundant. Since the flight critical loads are redundant, a

los, of an individual fliqht critical load does not result in the loss of the

I" ,icr f t. or'cais, of the sparing concept of the PAVE PIL LAR systii (ref. 2),

ti , f c) t inna I fail ure rate is rnuch less than the hardware f ai I .ir- rate. T I

itital load considered fliqht critical is 41,832 va, as shown in Table 3-

Mission Critical Loads

"'e majority of the aircraft loads are classified mission critical. Trvise

include the MAS integrated avionics racks and the sensor systems. Most

mission equipment is hardware redundant or functionally redundant. TIe total

!. Nonflight Critical Loads

lot'I iqht critical load,, make up the smal lest groip of loa s. linu total load
I,,-, if i,,d nont light critical is 11,688 va.

• "" "! I'+ '+F" rt~rrri4)lt ions

lit ti c '1 load,, the maximum tolerable power interription for each,

.iontifior. Thesp are hrwn in Tabln 3-1. Thi shortest

16
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TABLE -- I I NI (;RA-[I A(, UIlJk IBA K/'dt Moi (W III ;Iri,

Operatinl Canard HIAPs Rudder IAPs Flap_ 1'

Regime -6.5-hp motor) T5.4-hp motor) .3-nv ,Lu"

Average Power Average Power Averiqe P oW r

Activity Demand Activity Demand Activity [)elarid

Taxi 5% 1.25 hp 5% 1 .04 hp 4% .4% Op

'I imh 10% 1 .52 hp 10% 1 .?1 ho 101 . I)

Dash 5% 1.25 hp 5% 1.04 hp 0% 0.35 op

ombat 25% 2.35 hp 25% 1.96 hp h5p .:m hp

Return 5% 1.25 hp 5% 1.04 hp 5% 0.45 hip

Loiter 10% 1.52 hp 10% 1 .27 np 10% 0.55 hp

S!

"'p
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Table 3-2 Flight Critical Loads

Connected Uninterrupted

*VMS racks 2000 VA 2000 VA

Engine controls 400 400

ECS 8000 0

Flight control actuation 31432 0

F -Total 41832 VA 2400 VA

*Actual operational load 7696 VA

N2



*Oq

dtle i- Mission Critical Loads

Connected Uninterruptible

Radar sensor 10800 VA

INEWS 13600

CNI 2975

,,', IRST 3000

Information management 1125

MAS racks 900 900
-4 .

- Signal processor racks 5200 5200

Mass memory unit 200

Fuel system (1) 20849

ECS 32,000

TLSS 117

Stores (2) 32080

Total 122,846 VA 6100 VA

(1) Actual operational load = 16000 VA
(2) Actual operational load 8020 VA

26

-'' -. 4 *5*. . . * 4 * * .



1.0 AIRCRAFT CONCEPTUAL LAYOUT

The equipment identified in the load study includes all major equipment

required for an ATF Type Vehicle. This equipment has been assigned specific

locations on the baseline ATF Vehicle Configuration layout shown in Figure

2-1. The equipment and equipment racks were considered to be consistent with

the integrated rack concepts being developed for next generation air

vehicles. These racks emphasize modularity, maintainability, reliability and

fault tolerance.

The primary equipment categories defined for the ATF vehicle used in this

study are described in the following paragraphs and shown in Figures 4-1, 4-2

and 4-3. The conceptual layout shown in these figures provides a first-cut

idea of how the equipment defined in the load study will be located in the

vehicle. Changes to these drawings are anticipated as the preliminary and

detailed designs are developed.

Majnr concerns in locating the equipment included size and space available,

proximity requirements to user equipment or cockpit, and separability

requirements for redundancy.

The major equipment categories are (See Table 4-1):

A) The Radar System which includes items Ll, L2, L3 and L4.

B) The INEWS Sensor System which includes items L8, L41, L54, R52, R56, R58,

T90, T91, T92 and T93.

CT) The CNI Sensor System which includes items L7, L6, L5, R43, and R63.

D) The IRST Sensor System which includes items 39, 40, L16, L17 and R44.

E) The Information Management System which includes those items labeled 12,

LIl and R45.

27
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' .- interruption time is 50 microseconds for the VMS integrated avionics racKs

which contain digital processors used for flight controls. Although not

flight critical, the MAS and signal processor integ ted avionics racks also

have maximum tolerable power interruption times of 50 microseconds. The

electronic control unit for the engine controls also has a power interruption

time of 50 microseconds. The longest allowable interruption time is 2 seconds

for the lAPs. In Phiase 11, methods for providing power, which has an
interruption time of 50% shorter than the maximum allowed for each load, will

he developed. For the shorter time, such as 50 microseconds, uninterruptible

power may be required due to limitations of the hardware available for

performing power transfers.

t.1
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TABLE 4-1

EQUIPMENT LOCATION LIST

Location

# Nomenclature Bay Station #

Li Radar Antenna Nose 100

L2 Radar Transmitter FWD Eq. Bay(Upper) 140

L3 Radar Receiver FWD Eq. Bay 140

L4 Radar Signal Processor FWD Eq. Bay 140

L5 IIRA/IMN #1 FWD Eq. Bay 140

L6 Radar Altimeter FWD Eq. Bay 140

L7 CNI Low Band/LBand Sensors FWD Eq. Bay 140

L8 Starting Receivers #1, #2, #3

Tracking Receiver #1 FWD Eq. Bay 140

L9 VMS Rack #1 FWD Eq. Bay 140

LlO MAS Rack #1 FWD Eq. Bay 140

Lll Data Transfer Unit #1 FWD Left Cockpit 140

L12 HUD Cockpit 175

Multifunction Display #1, #2, #3

Keyboard

Flat Panel (Upper and Lower)

L13 Signal Processor Rack #1 AFT Equip. Bay #2 310

L14 Signal Processor Rack #2 Lower Cockpit Bay 175

L15 VMS Rack #2 Lower Cockpit Bay 175

L16 Sensor Cryogenic Unit #1 FWD Cockpit 175

L17 IR CSP I/F Unit FWD Cockpit 175

L18 Tactical Life Support System Aft of Cockpit 210

Breathing System

Filter Blower Sys./

Personal Thermal Cont.

Anti-G Value/Occular Protect
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TABLE 4-1

EQUIPMENT LOCATION LIST (continued)

# Nomenclature Location/Bay Station #

L19 MAS Rack #2 Aft Eq. Bay #1 280

L20 VMS Rack #3 A. Eq. Bay #1 280

L21 Signal Processor Rack #5 A. Eq. Bay #1 280

L22 Signal Processor Rack #6 A. Eq. Bay #1 280

L23 L Canard lAP #1 Root Left Canard 300

L24 L Canard IAP #2 Root Left Canard 300

L25 Signal Processor Pwr. Sup. Rk. #1 A. Eq. Bay #2 310

L26 DISACS Locate near each TAP ---

L27 GOX Compressor A. Eq. Bay #2 310

L28 L Flap IAP Aft Root Left Wing 500

L29 L Rudder lAP Lower Rudder Aft. Tail 640

L30/R30 Vapor Cycle Machine #1, #2 Aft of Cockpit 210

L31 Loop Compressor Aft of Cockpit 210

L32 Seat Adjust Left Cockpit 200

L33 Left Boost Pump Left Midfuselage 450

T34 Transfer Pump #1 Left Wing 475

T35 Transfer Pump #2 Left Wing 400

T36 Transfer Pump #3 Mid Fuselage 400

T37 Transfer Pump #4 Right Wing 400

T38 Transfer Pump #5 Right Wing 475

L39 IR/EO Sensor #1 FWD Upper 140

L40 IR/EO Sensor #2 FWD Lower 140

L41 Chaff Dispenser Lower AFT Fuselage 600

L42 Lighting Group ......

J -3
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TABLE 4-1

EQUIPMENT LOCATION LIST (continued)

# Nomenclature Location/Bay Station #

R43 IIRA/IMU FWD Eq. Bay 140

R44 Sensor Cryogenic Unit #2 FWD Eq. Bay 140

R4t Data Transfer Unit #2 FWD Eq. Bay 140

R46 Signal Processor Rack #3 Lower Cockpit Bay 160

R47 Signal Processor Rack #4 Lower Cockpit Bay 160

R48 Signal Processor Rack #7 Aft. Equip. Bay #1 260

R49 Signal Processor Rack #8 A.L. Equip. Bay #1 260

R50 Signal Processor Pwr Supply #2 Aft. Equip. Bay #1 260

R52 VMS Rack #4 Aft. Eq. Bay #1 275

R53 Fuselage RF Jammer/IR Jammer Aft. Eq. Bay #1 275

L54 RF Warning Rec #1 AFT Eq. Bay #2 310

R55 RF Warning & Range Dec. #2 Aft. Eq. Bay #2 325

R56 RF Warning & Range Dec. #3 Lower Aft. Eq. Bay 290

R57 ELMC Rack #1 Lower Cockpit Bay 190

R58 IR/ED Starting Rec #4, #5, #6

IR/EO Tracking Rec. #2 Fwa. Equip. Bay 140

R59 ELMC Rack #2 Lower Aft. Equip. Bay 325

R60 ELMC Rack #3 Aft. Equip. Bay #2 325

R61 VMS Mass Memory Unit Aft. Equip. Bay #2 325

R62 INEWS IR Jammer Aft. Equip. Bay #2 325

R63 CNI Crypto Unit Aft. Equip. Bay #2 325

R P64 Fuel Inerting System Aft. Cockpit 240

R65 Right Fuel Boost Pump Mid Fuselage Right 450

P66 Right Canard IAP #1 Root Right Canard 300

R67 Right Canard lAP #2 Root Right Wing 500
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TABLE 4-I

EQUIPMENT LOCATION LIST (continued)

# Nomenclature Location/Bay Station #

R68 Right Flap IAP Roof of Right Wing 500

R69 Right Rudder IAP Root of Right Rudder 640

L70 ELMC Rack #4 Lower Cockpit Bay 160

R71 ECS Pumps #lA,B; #2A,B Aft. Cockpit 250

R72 ECS Fans Aft. Cockpit 225

R75 Engine Control Unit #2A,B Aft. Fuselage 530

L76 Engine Control Unit #lA,B Aft. Fuselage 530

L78 Fuel Flowset Aft. Fuselage 530

L80 Fuel Quantity Set Lower Aft. Equip. Bay 275

T81 Electrical Generators (4) Fwd. Engine 520

T82 APU Generator Fwd. Engine 520

T33 Stores Management Station #1 Mid Fuselage 350

T84 --- #2 -----

T85 #3 --- .-

T86 - - - #4 ...... - -

T87 --- #5 ......

T88 --- #6 ---

T89 --- #7 ...

T90 --- #8 ---....

T91 Wingtip Jammer #1 Right Wingtip 550

T9? Wingtip Jammer #2 Left Wingtip 550

T93 Tail ,Janner #1 Left Tail 675

T94 Tail Jammer #2 Right Tail 675
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F) The Signal Processor System which includes items L13, L14, L21, L?2, L25,

R46, R47, R48, R49 and R50.

G) The Mission Avionics System which includes items LJO and Ll9.

H) The Vehicle Management System which includes items L9, L15, L20, R53, and

R61.

1) The Engine Controls which includes items L75, L77, L78, R76, R79 and R80.

J) The Secondary Power System which includes items L27, L57, L70, R59, R60,

T81 and T82.

K) The Fuel Inerting System which includes those items designated R64.

L) The Fuel System which includes items L33, T34, T35, T36, T37, T38 and R65.

M) Lighting and Miscellaneous items which include L32 and L42.

N) The Stores Management System which includes items T83, T84, T85, T86, T87,

* T88, T89 and T90.

0) The Flight Control Actuation System which includes items L23, L24, L28,

L29, R66, R67, R68 and R69.

2) The Tactical Life Support System which includes items designated L18.

The Environmental Control System which includes items L30, L31, R71 and

.R72
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RESULTS AND CONCLUSIONS

A model of dn ATF aircraft was selected. The loads have been located in the

model aircraft. This will be used to prepare the physical layout of the

electrical generation and distribution system.

A load list for the ATF baseline aircraft was completed. The total load for

tne aircraft is 176 kva of which 6.6 kw has been identified as DC loads. The

loads have been categorized flight critical, mission critical and nonflight

critical. The length of power interruptions which each flight critical load

can withstand was identified. For the VMS and MAS, integrated avionics racks,

which perform the digital processing for flight and mission functions, the

maximum power interruption is 50 microseconds.

For each load, a MTBF number has been assigned. This number will be used to

calculate the probability of failure for each load (based on a 2 hour mission

length). Power, which has a probability of failure 100 times less than the

probability of failure of the load itself, will be delivered to each load.

For the flight critical loads, maximum tolerable power interruption times have

oeen identified. These times range from 50 microseconds for the VMS

integrated avionics racks which contain the flight control digital processors

to ? seconds for the flight control IAPs.

Two high technology loads have been identified for the ATF baseline. Triese

are the IAPs and the electric motor driven vapor cycle machines.

rU

37

'Sh mL Fl



6. 0 RECOMMENDA VI ONS

A baseline aircraft and a load complement have been established. Tue loids

have been located in the aircraft. The data has been developed which is

required to perform Phase 11, Analysis and Preliminary Design of the FILPS

Demonstrator. It is therefore recommended that the program he allowed to

proceed into Phase II.

.9.

"m.
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